Retinal GlcNAc-transferases and the glycosylation of rhodopsin.
The major oligosaccharide chains of bovine, frog and human rhodopsins are identical in structure. These molecules are unique in terms of their abridged size as compared to other asparagine-linked glycoproteins, a property which must be reflected in the activities and properties of the glycosyltransferases of the retina that are concerned with their biosynthesis. One of the unusual characteristics of the major oligosaccharide chain is its lack of branching. A key enzymatic step required for branching to occur would be the transfer of a residue of N-acetylglucosamine to the terminal unsubstituted mannose residue of the major rhodopsin oligosaccharide. We have investigated the kinetic properties of enzymes that would catalyse this process. The N-acetylglucosaminyl-transferases (GlcNAc-transferases) of Golgi-enriched fractions of bovine retina, human retina, rat liver Golgi and a partially purified GlcNAc-transferase II from rat liver were examined using as acceptors rhodopsin, opsin and the oligosaccharide isolated from rhodopsin. The identification of the substrates and products of the reactions was carried out by chromatographic means. From an evaluation of the Vmax/K(m) ratios it was observed that bovine and human retinas have very limited abilities compared to the rat liver enzymes to carry out the transfer of GlcNAc to these acceptors, showing from 100- to about 800-fold lower efficiency in this regard. A comparison of the activities obtained with intact rhodopsin or opsin and the rhodopsin oligosaccharide indicated that the activity of GlcNAc-transferase II was not appreciably influenced by the polypeptide portion of the molecule. It was also observed that prior galactosylation of rhodopsin blocked the addition of GlcNAc to rhodopsin. It is suggested that these properties contribute to the assembly of the abridged structures that have been observed in the oligosaccharides of rhodopsins of all species thus far examined.